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TITLE Huvudfaxan Kauon 

An optical radiation Intensity sensor 
5 TECHNICAL FIELD 

The Invention relates to a radiation Intensity directional sensor according to 
the preamble of claim 1. In particular the invention relates to radiation 
intensity directional sensors used as a sun load sensor for automatic climate 
control system In a vehicle. These sensors are normally sensitive to 
electromagnetic radiation in the visible and/or infrared range 
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Fully automated climate systems in vehicles are commonly used in vehicles 
Or,g,nally such climate systems used single or multiple temperature sensors 
sens.ng the temperature in the cabin and regulated the airflow in dependence 
of the temperature measured by said sensors. However, the influence of the 
rad,at,on of the sun is not adequately compensated for when using only a 
temperature sensor. Therefore It has been suggested to make use of 
radlabon sensors, which measures the impact of the sun. Further 
improvements have resulted In sensors, which identifies the position of the 
sun in relation to the vehicle in order to further improve the regulation of the 
climate unit. Such sensors are known from inter alia WO 90/07102 
US5337802, US 5553775 and EP 852 189. The sensor e.ements described 
In these documents all Include multiple sensor elements arranged In a 
housing, where said sensor elements are sensitive to light. The sensor 
elements are arranged at different geometrical positions of the sensor 
housing, whereby a sensitivity of the direction of a light source in relation to 
the sensor can be established. The sensors pref erab ,y also Include shading 
elements, which prevent light from reaching one of the sensor elements 
when Impinging from certain positions. By measuring the difference In 
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altitude of the output signal from each of the sensor elements, an estimate of 
the position of the light source In relation to the sensor is calculated. 

A typical response from a prior art sensor having tvw> sensor elements is 
shown in tig 1. The sensor In the example Includes a first and second 
sensmg elements positioned In a housing in a manner such that light is 
blocked from reaching one of the sensor elements if impinging from a first 
direction and the light is blocked from reaching the other sensor element if 
impinging from a second opposite direction. A first left curve corresponds to 
*e output signal produced by the first sensor element and a second right 
curve is produced by the second sensor element The curves are overlapped 
in a small region corresponding mainly to a position where the light source 
impinges vertically on me sensor element The magnitude of tha signals 
each has a peak value outside side overlapping region and thereafter are 
steeply reduced to a small fractional value of said peak value. A problem with 
*e sensor type producing such an output signal Is that the position of the 
I.8W source canno, be determined with accuracy outside the overlapping 
region. K Is true that the output signal outside the overlapping Interva. has a 
magnitude dependent on the position, however, it Is not possible to judge 
whether a small output signal is dependent on the position of the sun or if it 
depends on the intensity of the sun. In order to discriminate between these 

iTmZ " ' S neCe5Sa,y t0 ^ OU,PU ' ft ° m bo * — 
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25 A typical response from a prior art sensor having a single sensor element la 
shown in figur 2. The output a. low angles are typically low In relation to the 

ZTJZ "?* lmPin9,n ° radiatoa Slnce he *9 P«*<°™ 'n car 
interiors are mostly occurring at impinging angles of about 30 - 80 • this type 

30 GeTT T T COnfb " n WS " f ° r PU,P0Se * d8tecti "9 * effect 

H would be advantageous to have a sensor mat has a response from different 
imp.ng.ng angles which Is as flat as possible. In the event a totally flat output 
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could be generated the output would directly indicate the magnitude of the 
flux of the optical radiation. 

DISCLOSURE OF INVENTION 

5 

An object of the Invention is to provide a sensor element, which produces a 
h,gher ratio of the output amplitude at low impinging aMtudes (> 45°) to the 
output at vertically Impinging (0") radiation. 

•mis object l8 achieved by a ^ accwd|ng to ^ 

clam 1. By providing a dl«ush» compound baleen a sensor aperture and a 
sensor element the response curve will change such that a higher ratio of 
*e outou, amplitude at low Impinging altitudes (> 45-, to me output at 
ver^e V .mpmging m radiafton Is produced. This is shown In figure 3 

TZT rSSPOnSe taB 8 Se " 86r »»*» 9 — elemen, and 
a d lff usiva compound positioned between an apertore of the sensor and the 

ensor ele^m. Clearly the sensor wHh diffuser conforma better to 

ZZ! * r " eCaUSe ™* he8Mn « ^ of car interior 

is when elevation ~30 p -80°. 
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A further object of the invention is to provide a radiation Intensity directional 
ensor inching at least one sensor element, which sensor ^ 
^uces an output signa, having generating a substontla, ampiltudetTe 
large ovenapp,ng region whereby the sonsor Is capable of estimating the 
as angular position of the sun over a large range. This object la achCby a 

22 aC0 °" lin9 ,0 eharaC,ert5,n9 "°«*>" « ««*» 2. By proving a 
chamber containing a dWuslve compos .side fhe housing * a poLn 

30 IhT 7 • " SSnSOr 6temen ' 1 15 posWonsd * P~i«on wtJl a 
30 s ading e,emen, biocKs the iight from impinging m 

element. wou,d be exposed tor light mat is Emitted through the d*XT 
compound. This would have me effect that each sensor eieml ££ZZ 
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output signal also when respectively sensor element Is positioned In a 
position inside said housing where light would not Impinge on the sensor 
element in the absence of the diffusive compound. 

5 Preferred embodiments are described In the dependent claims. 
BRIEF DESCRIPTION OF DRAWINGS 

Embodiments of the invention will be described in detail below, with 
references to appended drawings where: 

10 

fig. 1 shows a typical output signal from a prior art sensor having two 
sensor elements, 

fig- 2 shows a typical output signal from a prior art sensor having a 
15 single sensor element, 

fig. 3 shows a typical output signal from a sensor according to the 
invention having a single sensor element and a diffusive 
compound positioned between an aperture of the sensor and the 
20 sensor element, 

fig. 4 shows a first embodiment of an optical radiation intensity 
directional sensor according to the invention, 

25 fig. 5 8h0ws an Qljtput 5|gna| ^ ^ optjcQ| radjation 

directional sensor according to the invention, 

fig. 6 shows a schematic example of an a ray Impinging at an angle of 
a degrees toward a right hand side of a housing according to the 
30 invention, 
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fig. 7 shows a printed circuit board carrying sensor elements used in 
the first embodiment described in fig. 4, 



fig. 8 



fig. 9 



10 fig. 10 
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shows a second embodiment of an optical radiation intensity 
directional sensor.according to the invention, 

shows an output signal from an optical radiation intensity 
directional sensor without inclusion of the diffusive compound, 

shows an output signal from an optical radiation intensity 
directional sensor including a diffusive compound, and 

% 11 shows a diagram of sensitivity versus concentration of white 
paste in compound. 

DETAILED DESCRIPTION OF THE INVENTION 

In figure 4 an embodiment of en opaca, redietion Intensity directional sensor 

interval. The lens etement 4 is in fire shown embodiment dome shaped 
The sensor 1 further incudes an array of sensor Siemens 5 disputed within 

statateT bv "7 h T ^ ^ ^ 2 
separated by sad shading element In the shown example the sens™ 

compel,, uZ *T Ca " y,n9 ^ ^ and olher 

components used ,n the sensor. In the embodiment shown In figure 7 the 
shading eiemen, is formed by ,he printed ^ board 7 an<J J 
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EST 9 S8ld prtn,ed *^ 7 - 

Includes four sensor elements 5, .wherein two are positioned on each side o 

5 2 *"* T*** *» **« retfons, whi* are separated 
SIT* S ' mUtene0U5,y T"« - *«% »M sunj ere 

The housing 2 of .he op«cal radiaSon Intensity d^c^, aerBor , „ ,„ ^ 
shown embodiment formed by outer walls 9 1 
' <*n*-* shaped internal canity „ ^ JZl ' 

positioned The «h= rf , , shading element 6 is 

i -rrrSsri^r 9 *• a ~* ~ « - 

ti__ i_ . 10 ,nto separate sub compartments 12 

K ,w 10 "9 nt - This can be done bv Bnsfti«ni«« «,~ ^ 

The lower part 14 comprises a web portion 16 e^i„ •. «. 

shaped Interna, cavity. The web B L™ I 9 ^™ ri ^ ly 

•hrouah which e-ecthL^nnlnril ;r? d "* ° Pe * 9S 17 
ln du dln a «hesensore,entente 5 ,^lrn g *** 
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The cavity 10 forms a chamber containing a diffusive compound (not shown) 
Phoned be^en « , en8 ^ 8aW ^ y ^ °J 

compound Is preferably a potting in the form of a liquid or a gel. 

5 in a test example the following diffusive compound has been used' 

Wacker SilGel 612 with small quantity of Elastosi. white colour paste FL- 

71,1, T 5 * ^ * m —™« "*»* .man amount 

* opZ Cri^^ <0 ' 1%to1%b ^W^^> become 
opaque ( milky , with good diffusive properties of optica, radiation- 

s^rT; of t paste aiso - be used for — - 

m rrLr ,nereas,n9 ^ - — - — * 

15 m^T ^ ' S 3 ^ Pffl1 CnM8 " nWn 9 *~ Elastosi, is a 

" 8 B* a. tradetl: o 8 
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In figure 11, a diagram of sensitivity versus concentration of white paste In 
compound. Tests has shown ma. a concentration behJnTlT % 

for a single sensor body without rcducfng the output level too much. 

^zrrr:^ racna,ton inte - -~ 

chamber 36 surrounZll T"" C ° mP ° Und 35 e ° ntelned ln 

surrounding me sensor elements 32. 34 and thereby providing 
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an output signal from the right hand signal at a medium magnitude. The 
output signal when a » Cf Is at a rero magnitude from the left sensor element 
32. As soon as a > 0°, the left sensor element 32 provides an output signal 
which at small a Is generally proportional to a. This Is due to the fact that 
even at smell a the diffusive compound 35 is exposed to optical radiation at 
the left hand side. The optical radiation impinging on the left hand sub 
compartment Is directed by diffusion to the sensor element If the diffusive 
compound were absent, the output signal would be equal to zero at low 
altrtudes. For small a, the magnitude of the output signal of the right sensor 
element la continuously increasing until approximately q = 45-, where the 
right hand sensor element has its peak value. The left hand sensor element 
32 provides an output signal, which continuously increases until 
approximately a = 13S-, whero me left hand sensor element has its peak 
value. By the Inclusion of the diffusive compound inside the housing the 
overlapping range is extended to 180". Using the vertical position of the 
sensor elements as shown In the example, the overlapping range wou.d 
essentially equal zero if me diffusive compound is not inchided. Due to the 
ditWn, the ou*ut s.gna. of the sensor elements is essentially independent 
of the posrtton of a surface normal of the sensor element In the housing In 
contrast to the situation when no diffusive compound is used, 
•"figure 8 a second embodiment of the Invention la shown. The optical 
Ration intense directional sensor comprise, a housing 2 having an 
opening 3 covered by a transparont or trcns.ucen, tens element 4.The optica 
Ration .ntensity directional sensor , comprises an arroy of senaor elemente 
5 sensitive to light and a shading element 6 separating at .east two of aaid 
sensor etements 5. ,n the shown embodiment me sensor elements 5 are 
positioned on opposite sides of a vertical division wan 6. 

The housing 2 lurther comprises a chamber 10 containing a diffuse 
compound portioned between said .ens and aaid array of sensor elements. 
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The shading element 6 divides the chamber 10 into at least two sub 
compartments 25, 26. each containing one or several sensor elements 5. 

In the shown embodiment the sensor elements are positioned inside the 
chamber 10 and are thus exposed by the liquid, which in a preferred 
5 embodiment has a protective quality reducing oxidation of the sensor 
elements 5.. 

in the embodiment shown In fig. 8, the chamber io includes a top region 27 
forming part of said at least two sub compartments. The top region 27 is 
vertically arranged in relation to said shading element 6 such that said 
shading element does not prevent light from impinging on at least a portion of 
each sub compartment in said top region. That is an upper edge 28, which is 
facing the lens element 4. of the shading element 6 is positioned below the 
top region 27. The top region 27 is thus positioned vertically above the upper 
edge 28 shading element. 

The chamber also includes a bottom region 37 forming part of said at least 
two sub compartments 25, 26, where said bottom region Is vertically 
arranged below an upper edge of said shading element. 

Using the suggested configuration of the chamber in relation to the shading 
element, an output signal will be produced from each sensor at a range of an 
impinging angle 8 between 6° and 90- with a symmetry axle 29 of the 
housing 2 running in a plane defined by the shading element 6. The 
magnitude of the output signal from each sensor element will be dependent 
on the impinging angle B. 

In a preferred embodiment of the invention the optical radiation intensity 
sensor includes 1 a radiation filter transparent to a defined frequency interval 
which radiation filter is arranged to block radiation outside said frequency 
interval from impinging on said sensor elements. The radiation filter is 
according to one embodiment of the invention formed by the diffusive 
compound. In an alternative embodiment the lens element Is provided with a 
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cement A lUrther possLty ,s o Si* 'J** 9 " *• «« 

which could be fanned e«w or jTl J ^ fens eteme «. 

^ 31. 32 or the chamber 10. <J£S " ~" '~ r P—' ** 

el-en.^bese.^.lLi:^ emb ° dimem ' »' ~~ 

In figures 9 and 10 the resDohs 

•"eluding a M ano a ^ 'J™"*™ * ~™or elements 

1 ° 'n ^re 9 the dWusiv .^ ~ * •» a*amp,e shown 

<"« signals irom the M Z > ^ OVerfapp "* «*>on * 

angle from _ 20 . t0 " m *™> ancompaaaes an lmplnglng 

compound is included The over^T" 1 '' 19 !h0Wn 10 a d * s ^ 

*»,e ^on from ^T^T enC ° mPa8S8S h "* — •>• 

15 an acceptable s.gna. to no.se n^ J ! PTOdUCa *" 8i 9™' ^ng 
« *ensor shou,d nTbet SS^T " ** *» *» « 

In figure 10, an embodiment of . • , 

shown. The sensor comprises ahn ° PHeal radla,,on **nsor Is 

» Pan Z end a ,ower boT^ ^boT" * " *~ 

enclose a cevfty or chamber in which 1 , ^ Part ^ ai * *° War part 
— P— * carries i 'ZT^T^'^^*^ ' 
Partly fanned in a material, which Is (ZT "** Pait 2 ' i$ 31 

»* detected. h the ^ ^ZnTaT l ° "* rad '' a,fon ' *"* — 
25 a single sensor element wttehT e ^"« 'a constituted by 

««» ByahortzonTfas^s merr, 9 - 
alamen, 5 Is poWing tw J™ ^ «* a «*» nornia, of the sensor 
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circuit board carries etecttca. 17^°" 41 ■* housi ^ 
fusing 2 . A dmu.,ve coa^TjtL ' rf T ^ ^ *" 
— ng and the sensor elemt " Z^Z "* * 

ancased In the diffusive compound 35. ^ aen «"- alemant Is 
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Generally, the invention relate, to 9 photo fatten intensity sensor 
comprising a housing having a transparent or translucent portion, and at least 
one sensor element senslUve to radiation. This at .east one sensor element , s 

5 ZT T 7 dUCln9 ^ ^ *** ~ USed ' OT <he sun 

9 J*** h ° US,n8 e0mpri8as * "ntaining a 

diffu.,ve compound penned bebveen sa.d housing and said at .east one 
sensor element 
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13 Ph0t ° radiafl0n * °» ™ (S). 

used tor .nstance ,n an embodiment as shown In fig. 8. may be repiaced wim 

elemen S ,n the event a single sensor e.eme« ,s used. The aing.e sensor 
element can be positioned betow a chamber 10 containing a diffusive 
component or aiternative* be placed ins.de the chamber 10. whe^te 
protective function of the compound can be used 
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transparent or trans.uc.nt portion, and at least one sensor 

element sensitive to radiation **ia . 

u » to raaiation. said at least one sensor element 

least one sensor element 
! A photo radiation Mens!* sonsor aceo^g to clatm 1 

and the intensity of the radiation source. 

-» *** 9 ^TZZZ^T: 9 ^ by 

- PH- radiation intense Z^^^S"* 

tor esftmatrng the posrtion of the source of radiation, 
a" **- ~ «■*. to ca, m 

— ".oneorsevaralseror:;!^^ — 
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A ^o«o rad^on .nten^ d irectto na, 8eosor , q 

XolT 9 T °' ^ 81 ^ "* »~,s, Where 
!"' d to > re9,on 18 «W m Nation ,o said shading 

eiemen, ^ ^ ^ ^ ^ ™^ 

ra «on .torn impinging on * teas, a portion of 
compartment in said top region. 

A photo rad.at.on intensity direConai sensor according to Cairn 

5, character izerf i« 

i2©ci in that said too reoinn ;» ~~~mi 

vertoatv above said shading etement. PM,toned 
A ^orad^on,, d^ona, sensor seconding to Cairns 

-cm- °„r :ic Vart-rr rr t i — • a 

compartments where I JL 8 ^ sub 
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electronic circuits, wherein said printed circuit board is positioned 
at least partly inside said chamber such that said electronic 
circuits and sensor elements are protected from negative 
influence on the environment by the diffusive compound. 

A photo radiation Intensity directional sensor according to any of 
the preceding claims, characterized in that said photo 
radiation intensity sensor includes a radiation filter transparent to 
a defined frequency interval, which radiation filter is arranged to 
block radiation outside said frequency interval from impinging on 
said sensor elements. 

A photo radiation intensity directional sensor according to claim 
11. characterized in that said radiation filter Is 
constituted by said compound. 

A photo radiation Intensity directional sensor according to claim 
11, characterized in that said radiation filter is 
constituted by said lens element 

A photo radiation directional intensity sensor according to any of 
the preceding claims, characterized in that said sensor 
elements are sensitive to infrared and/ or visible light. 

A photo radiation directional intensity sensor according to any of 
the preceding claims, characterized in that said 
diffusive compound is a liquid or a gel. 

A photo radiation directional intensity sensor according to claim 
15, characterized in that said diffusive compound is a 
potting. 
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ABSTRACT 



A radiation Intensity directional sensor comprising a housing having an 
opening covered by a transparent or translucent lens element, an array of 
sensor elements sensitive to radiation, preferably to electromagnetic 
radiation in the visible and/or Infrared range, and a shading element 
separating at least two of said sensor elements, whereby said shading 
element at least partly block light from impinging directly on one of two 
sensing elements separated by said shading element, said array of sensor 
elements thereby arranged for producing output signals from said at least two 
separated sensor elements having different amplitudes whereby said 
drfference in amplitude is used for estimating the position of a light source in 
relation to the sensor housing. 

Fig. 4 
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FIG.U 



03 06/24 16:29 FAX 0317119555 



ALB I HN 5 A GBG 

0317119555 



5/9 



-» PV ©023 

Ink. t Patent- och repertet 
2003 -06- 2 4 
Huvudfcnwn Kenan 




FIG. 5 
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